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Recently developed cold-formed LiteSteel beam (LSB) sections have found 
increasing popularity in residential, industrial and commercial buildings due to their 
light weight and cost-effectiveness. Currently, there is significant interest in the use of 
LSB sections as flexural members in floor joist systems, although they can be used as 
flexural and compression members in a range of building systems. The plastic 
bending behaviour and section moment capacity of LSB sections with web holes can 
be assumed to differ from those without, but have yet to be investigated. Hence, no 
appropriate design rules for determining the section moment capacity of LSB sections 
with web holes are yet available. This paper presents the results of an investigation of 
the plastic bending behaviour and section moment capacity of LSB sections with 
circular web holes. LSB sections with varying circular hole diameters and degrees of 
spacing were considered. The paper also describes the simplified finite element (FE) 
modelling technique employed in this study, which incorporates all of the significant 
behavioural effects that influence the plastic bending behaviour and section moment 
capacity of these sections. The numerical and experimental test results and associated 
findings are also presented. 
Key words: LiteSteel Beam (LSB), Web opening, Nonlinear finite element analysis 
(FEA), Section Moment Capacity, Design Rule, Plastic Bending. 
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1. Introduction 
LiteSteel beams (LSB) are innovative cold-formed steel hollow-flange sections 
recently developed by OneSteel Australian Tube Mills (OATM) [1]. These sections 
have found increasing popularity in residential, industrial and commercial buildings 
not only due to their light weight and cost-effectiveness, but also due to their 
beneficial characteristic of allowing torsionally rigid flanges to be combined with 
economical fabrication processes. LSB sections can be used as flexural members, 
truss members and studs in many types of building systems. Currently, there is 
significant interest in employing these sections in floor joist systems as flexural 
members. When used as floor joists, they require holes in the web to provide access 
for inspection and other services. At present, however, the effect of web holes on the 
plastic bending behaviour and section moment capacity of LSB sections remains 
unknown, and hence no appropriate design rules are available. 
The lateral distortional buckling behaviour and member moment capacity of LSB 
sections with circular web holes have been investigated in an extensive series of 
lateral buckling tests [2], and their section moment capacities have been investigated 
through plastic bending tests [3]. Two numerical studies [4, 5] have considered the 
lateral buckling behaviour of these sections, but none has investigated their section 
moment capacities. This paper presents a description of a simplified finite element 
(FE) model of LSB flexural members with circular web holes that was developed to 
simulate their section moment capacity tests, undertake further parametric studies and 
formulate suitable design rules for LSB floor joist systems. Comparison of the 
experimental and numerical results has led to the development of an accurate 
numerical model for predicting the section moment capacities of LSB flexural 
members with web openings. Details of the numerical study of the section moment 
capacity of LSB floor joists with web openings are presented first, followed by a 
discussion of its results and those of a comparison between the experimental and 
numerical results. Recommendations are then made in relation to the adequacy of 
current design rules. 
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2. Numerical Analysis   
A simplified FE model representing the section moment capacity tests was employed 
to investigate the structural behaviour of LSB sections with web openings. This model 
simulated as closely as possible the test specimen details and loading and support 
conditions used in the experimental study. The LSB cross-section geometry of the 
simplified FE model was represented by the centreline dimensions, which were based 
on the nominal external dimensions given in Table 1.  
Table 1 Available LSB sections 
riw
ro
ro
ro
robf
df
d
df
t
 
LSB section
Depth Flange width 
Flange 
depth Thickness Corner radius
d (mm) bf  (mm) df (mm) t (mm) 
ro 
(mm) 
riw 
(mm)
300x75x3.0 300 75 25.0 3.00 6.0 3.0 
300x75x2.5 300 75 25.0 2.50 5.0 3.0 
300x60x2.0 300 60 20.0 2.00 4.0 3.0 
250x75x3.0 250 75 25.0 3.00 6.0 3.0 
250x75x2.5 250 75 25.0 2.50 5.0 3.0 
250x60x2.0 250 60 20.0 2.00 4.0 3.0 
200x60x2.5 200 60 20.0 2.50 5.0 3.0 
200x60x2.0 200 60 20.0 2.00 4.0 3.0 
200x45x1.6 200 45 15.0 1.60 3.2 3.0 
150x45x2.0 150 45 15.0 2.00 4.0 3.0 
150x45x1.6 150 45 15.0 1.60 3.2 3.0 
125x45x2.0 125 45 15.0 2.00 4.0 3.0 
125x45x1.6 125 45 15.0 1.60 3.2 3.0 
 
2.1 Section Moment Capacity Tests 
Previous research has considered three LSB sections (200 x 45 x 1.6, 250 x 60 x 2.0 
and 300 x 60 x 2.0) with various circular web hole configurations [3]. The measured 
dimensions of these sections are given in Table 2. Test beams made of back-to-back 
LSBs were simply supported at the ends with a span of 3250 mm and were laterally 
restrained. They were loaded with two transverse loads at the third points of the beam 
span, thereby producing a uniform moment between the loading points, i.e., over a 
length of 1083 mm, as shown in Fig. 1.  
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Table 2 Measured dimensions of LSB sections   
Test Section Depth d (mm) 
Flange Width 
bf  (mm) 
Thickness 
t (mm) 
Flange 
Depth 
df  (mm) Flange Web 
200x45x1.6 LSB 200 45 1.75 1.67 15 
250x60x2.0 LSB 250 60 2.10 2.00 20 
300x60x2.0 LSB 300 60 2.15 2.00 20 
 
Three different circular hole sizes (diameters of 60, 127 and 170 mm) were 
considered to investigate the moment capacity of LSB sections with varying circular 
hole diameters. The holes were provided at different degrees of spacing for different 
LSB section spans. For sections with a 3250-mm span, spacing of 361.11 mm and 
541.67 mm was considered. The use of different sections, thicknesses, spans and web 
opening configurations provided many different parameters, thus enabling an 
investigation of the laterally restrained buckling behaviour and section moment 
capacity of LSB sections with web holes covering all possible practical scenarios.  
 
(a) Support and loading locations 
 
(b) Test beams 
Fig. 1 Section moment capacity tests 
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2.2 Discretisation of the Finite Element  
For the finite element analysis (FEA), detailed convergence studies were carried out 
to determine the number of elements required for the flanges and the web to obtain 
sufficiently accurate results without using an excessive amount of computer time and 
resources. These studies indicated that an approximate element size of 5 × 10 mm 
(width × length) provided an accurate representation of the residual stress distribution, 
spread of plasticity and local buckling deformations. This element size was thus found 
to provide suitably accurate results for all of the sections. 
 
2.3 Material Model and Properties  
The ABAQUS classical metal plasticity model was used in all of the analyses [6]. 
This model implements the von Mises yield surface to define isotropic yielding, 
associated plastic flow theory, and either perfect plasticity or isotropic hardening 
behaviour. For the model adopted in this study, a simplified bilinear stress-strain 
curve with no strain hardening (i.e., the yield stress does not change with an increase 
in the plastic strain), based on the measured yield stress, was used. Sixteen tensile 
coupons were taken from the web and the inside and outside flanges of the LSB 
sections and tested according to Australian Standard AS 1391 [3,7]. The web and 
flange yield stresses obtained from the tensile testing, and subsequently used in the 
FEA, are shown in Table 3.  
Table 3 Tensile test results  
Test Specimen Location 
Measured 
Thickness  
(mm) 
Yield 
Stress 
(MPa) 
Ultimate 
Stress 
(MPa) 
Young’s 
Modulus 
(GPa) 
250x60x2.0  
Outside Flange 2.13 530 610 183 
Inside Flange 2.00 497 558 200 
Web 1.95 438 536 205 
300x60x2.0 
Outside Flange 2.13 515 565 187 
Inside Flange 2.03 460 544 207 
Web 1.94 423 513 220 
200x45x1.6  
Outside Flange 1.73 562 622 200 
Inside Flange 1.62 507 572 210 
Web 1.57 473 530 204 
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2.4 Loads and Boundary Conditions  
In the experiments, the four-point loading method was employed to simulate a 
uniform moment between the loading points. Hence, a simplified experimental model 
was adopted to simulate the section moment capacity tests, as shown in Fig. 2. The 
test specimens included a 70-mm-wide rigid plate at each support to prevent the 
distortion and twisting of the cross-section and were laterally restrained, as can be 
seen in Fig. 3. One side of the flanges was thus laterally restrained in the simplified 
FE model to simulate the experimental conditions as closely as possible.  
 
(a) Experimental model 
 
 
(b) Simplified experimental model 
 
Fig. 2 Simplified model for numerical modelling 
 
To simulate a uniform end moment across the section, linear forces were applied at 
every node of the beam end, with the upper part of the section subject to compressive 
forces and the lower part subject to tensile forces. The required uniform bending 
moment distribution between the two loading points within the span was achieved by 
applying equal end moments using linear force at the ends of the simplified model. 
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(Diameter [D] = 127 mm, Spacing [S] = 361.11 mm)  (D = 170 mm, S = 541 
mm ) 
(a) Isometric view 
 
 
(b) Plan view 
Fig. 3 Applied loads and boundary conditions for simplified FE model  
(300 x 60 x 2.0 LSB)  
The presence of symmetry permitted the modelling of only half the span. For the 
elastic and nonlinear FE analyses reported here, the following boundary conditions 
were employed: T[x, y, z] indicates the translational constraints, and R[x, y, z] the 
rotational constraints, around the x-, y- and z-axes, respectively, with “0” indicating a 
constraint and “-” indicating no constraint. The pin support at the end was modelled 
by restraining the appropriate nodal degrees of freedom, T[-, 0, 0] and R[0, -, -]. To 
simulate the symmetric conditions at the mid-span, the nodal degrees of freedom 
T[0, -, -] and R[-, 0, 0] were restrained. To simulate the lateral restraint conditions at 
the two right-hand flanges along the span, the nodal degrees of freedom T[ - , -, 0] and 
R[ 0, 0, -] were restrained, as shown in Fig. 3. 
 
2.5 Initial Geometric Imperfections 
The magnitudes of the initial geometric imperfections were measured for each test 
specimen [8]. The local plate imperfections were found to be within the 
manufacturer’s fabrication tolerance limits (i.e., less than web height/200), whereas 
the overall member imperfections were often less than span/1000. Based on the 
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findings of these measurements and the AS 4100 [9] fabrication tolerance for 
compression members, a nominal local member imperfection magnitude of web 
height/200 was employed in the FE model. The critical imperfection shape was 
introduced by the ABAQUS *IMPERFECTION option, with the local buckling 
eigenvector obtained from elastic buckling analysis, and it therefore included local 
deformations and cross-sectional distortion. 
2.6 Residual Stresses 
The residual stresses in new LSB sections produced using the latest dual welding and 
cold-forming technologies have unique characteristics. The distributions of the 
flexural and membrane residual stresses were based on the measured residual stresses 
of the LSB sections. Tests were conducted using the sectioning method to determine 
the residual stresses of these sections and to develop an approximate residual stress 
model with both membrane- and flexural-type residual stresses [8]. Based on the 
residual stress test and numerical analysis [10], the membrane residual stress 
distribution was slightly modified to ensure that the net membrane force in the cross-
section was zero.  
    
(a) Membrane    (b) Flexural 
Fig. 4 Typical residual stress distributions in 200 x 45 x 1.6 LSB section 
Fig. 4 shows the applied membrane residual stress distribution of a 200 x 45 x 1.6 
LSB section, which was used in the numerical analyses. Different membrane residual 
stress values were used for the left-hand flanges in the other LSB sections to ensure 
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that the net membrane force in the cross-section was zero. Table 4 presents the 
applied membrane residual stress values for the three LSBs considered.  
Table 4 Applied membrane residual stresses in FEA  
Considering the smaller effect of web membrane residual stresses on LSB moment 
capacity, there may be no need for further improvements in the LSB manufacturing 
process to reduce the level of residual stresses [10]. The inclusion of web holes in 
LSBs is also likely to reduce the web membrane residual stresses. Therefore, the FE 
model used in this study incorporated membrane and flexural residual stresses except 
for that of the web membrane. 
2.7 Comparison of Test and FEA Failure Modes and Ultimate Moments 
Before using the FE model to obtain the section moment capacity of LSB sections 
with web holes subject to a uniform bending moment, it was necessary to validate it. 
To do so, the buckling and failure modes and ultimate section moment capacities 
obtained from the model were compared with those obtained in the corresponding 
experimental results [3]. 
LSB Section 
Membrane Residual Stress 
Web Left side of the flange 
Inside the 
flange 
Right side of 
the flange 
300x60x2.0 LSB (+,-) 0.50fy -0.255fy 0.11fy 0.03fy 
250x60x2.0 LSB (+,-) 0.50fy -0.255fy 0.11fy 0.03fy 
200x45x1.6 LSB (+,-) 0.50fy -0.257fy   0.11fy 0.03fy 
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               (a) Isotropic view                (b) Section view 
Fig. 5 Elastic local buckling of 250 x 60 x 2.0 LSB (Hole D = 60 mm, S = 361 mm) 
 
 
                (a) Isotropic view                (b) Section view 
Fig. 6 Ultimate failure of 250 x 60 x 2.0 LSB (Hole D = 60 mm, S = 361 mm) 
Figs. 5 and 6 show the typical elastic local buckling and ultimate failure modes 
obtained from the elastic buckling and nonlinear analyses based on the simplified FE 
model of LSB members with web holes and a span of 1083 mm. These modes are in 
good agreement with those observed in the experiments, as shown in Fig. 7.  
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(a) Flange buckling and yielding               (b) Web deformations 
Fig. 7 Failure modes of 250 x 60 x 2.0 LSB with holes (D = 127 mm) 
 
(a) Shear failure mode of test beams   (b) Failure modes from FEA 
Fig. 8 Failure modes of 300 x 60 x 2.0 LSB with holes (D = 170 mm)  
Both the experimental tests and the corresponding FE analyses found most of the test 
specimens to fail in a similar manner. In the initial loading stages, their behaviour was 
elastic. As the loading increased, the test specimens and their FE models failed due to 
the inelastic local buckling and yielding of the top flange, as shown in Figs. 5 and 6. 
Fig. 7(a) shows the inelastic local buckling and yielding of flanges in a test LSB 
section specimen with circular web holes. The web element of the test specimen was 
also deformed, as the local buckling of the flanges continued with applied loading. 
Similarly, Fig. 6(b) shows the web element deformations in the simplified FE model, 
along with the inelastic local buckling of the laterally restrained top flanges. Although 
this type of deformation was observed in most of the test specimens and FE analyses, 
it was more prominent in the LSB sections with relatively slender webs, as shown Fig. 
7(b).  
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Table 5 Comparison of ultimate moment capacities of LSB sections with web holes 
obtained in FEA and experiments  
LSB 
Section
s 
D 
(mm) 
S 
 (mm) 
uM (kNm) yu MM /  
._
_
EXPu
FEAu
M
M
 
Exp.  
(Failure mode) FEA Exp. FEA 
200x45
x1.6 
60 
361.11 20.490 (Yielding) 23.600 0.923 1.063 1.152 
541.67 22.390 (Yielding) 23.649 1.008 1.065 1.056 
127 
361.11 20.680 (Yielding) 22.417 0.994 1.077 1.084 
541.67 20.980 (Yielding) 22.959 1.008 1.103 1.094 
250x60
x2.0 
60 
361.11 
46.030
(Yielding & 
Local buckling)
43.821 1.089 1.036 0.952 
541.67 48.880 (Yielding) 43.821 1.156 1.036 0.896 
127 
361.11 
43.760
(Yielding & 
Local buckling)
42.615 1.068 1.040 0.974 
541.67 44.980 (Yielding) 42.695 1.098 1.042 0.949 
300x60
x2.0 
127 
361.11 
48.710
(Yielding & 
Local buckling)
51.861 0.922 0.981 1.065 
541.67 
50.380
(Yielding & 
Local buckling)
51.861 0.953 0.981 1.029 
170 
361.11 35.790 (shear) 50.518 0.699 0.987 - 
541.67 41.890 (shear) 50.208 0.818 0.980 - 
      Mean 1.0251 
      COV 0.0778 
Table 5 presents a summary of the ultimate section moment capacity results of the 
non-linear static analyses carried out using the simplified FE model, as well as a 
comparison of these results with those from the experimental tests. This comparison 
demonstrates that the simplified FE model is able to predict the ultimate section 
moment capacities accurately in most cases. In the tests in which the mid-segment 
was continuously restrained laterally (Fig. 7(b)), flange buckling caused the rotation 
of the corner of the top flange and web and the resulting web deformation. In the 
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simplified FE model, however, the full lateral restraint of the flanges was always 
present. This may be why the experimental section moment capacities were lower 
than those obtained in the FEA in some cases; that is, the difference in the 
experimental and FEA ultimate section moment capacities is considered to be due to 
differences in the level of lateral restraint. 
All of the test specimens had adequate lateral restraints to avoid unwanted failure due 
to lateral displacement and to achieve the full section moment capacity. However, two 
of the test beams made from a slender LSB section (300 x 60 x 2.0) with larger 
circular web holes (170 mm in diameter and with spacing of 361.11 mm and 541 mm) 
experienced shear failure in the beam segment near the support (not in that between 
the loading points). Hence, their section moment capacities could not be determined 
from the experiments. When the simplified FE model was used to simulate the 
segment between the loading points under a uniform moment, no shear failure 
occurred, and a section moment capacity was obtained. Fig. 8 presents a comparison 
of the failure modes in the experiments and FEA for the slenderest section with large 
web holes. 
2.8 Comparison Results and Simplified FE Model 
The comparisons presented in Table 5 demonstrate that the simplified FE model is 
capable of accurately predicting the ultimate section moment capacities of LSBs with 
circular web openings. As can be seen in this table, the FEA and experimental results 
agree reasonably well for most of these LSB sections. The mean value and 
corresponding coefficient of variation (COV) for the ratio of the FEA and 
experimental ultimate moment capacities are 1.0251 and 0.0778, respectively. Both 
sets of results show web hole spacing to have an influence on the section moment 
capacity of LSB sections, albeit a minimal one (a less than 8.5% change in the 
experiments and 2.5% in the FE analyses). 
To achieve the full section moment capacity, it is important that test beams and FE 
model are prevented from deflecting laterally. In this investigation, an appropriate test 
span was selected to avoid any lateral deflection and thus achieve the full section 
moment capacity. Although the possibility of small lateral movement during the test 
cannot be ruled out, lateral deflection was prevented in the simplified FE model. The 
model also had the advantage of avoiding the problems due to the use of rigid body 
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elements that are associated with the application of concentrated loads. It was thus 
concluded that the simplified FE model was suitable for further investigation of the 
section moment capacities of other LSBs with varying web hole configurations.  
3. Comparison of Section Moment Capacities with Current Design Methods  
3.1 Section Moment Capacity of Flexural Members without Holes 
The section moment capacities obtained in the experimental and numerical studies are 
here compared with the capacities predicted in the current design rules, based on 
which recommendations are then made. 
Currently, the prediction and calculation of the section moment capacity (Ms) of 
flexural members rely on American Iron and Steel Institute (AISI) design rules based 
on the effective widths of stiffened elements [11, 12]. Flexural members without holes 
are not subject to lateral torsional buckling, and thus their section moment capacity 
can be computed using these rules. The effective yield moment based on section 
strength, Ms, is determined as follows. 
Ms = SeFy,     (1) 
where Fy = the design yield point determined in the AISI and Se = the elastic section 
modulus of an effective section calculated relative to extreme compression or tension 
fibre at Fy (f=Fy). 
3.2 Section Moment Capacity of Flexural Members with Holes 
Flexural members with holes are also not subject to lateral torsional buckling, and 
hence their section moment capacity can also be computed using the AISI design 
rules with effective section modulus, Se, at f = Fy. The effective widths of the 
stiffened elements are defined in the AISI as follows. 
1) 7.0/0 hd  
2) 200/ th  
3) Holes centred at the mid-depth of the web 
4) Clear distance between holes   457 mm 
5) Non-circular holes, corner radii   2t 
6) Non-circular holes, mmd 640   and mmb 114  
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7) Circular holes, diameter   152 mm 
8) mmd 140   
9) When 38.0/0 hd , the effective widths, b1 and b2, are determined by 
assuming that no holes exist in the web. 
10)  When 38.0/0 hd , the effective widths are determined as in Section 
B3.1(a), assuming that the compression portion of the web consists of an 
unstiffened element adjacent to the hole with f = f1, 
      where 0d  = web hole depth, 
   b  = web hole length, 
1b , 2b = effective widths and 
h  = depth of the flat portion of the web measured along the web 
plane.  
The section moment capacities (Ms) of 12 LSB sections were calculated using the 
AISI design rules. The rules were also employed to determine these capacities without 
consideration of the aforementioned local buckling effect and using the full width of 
the web component [= (h-d0)/2]. The corners of the LSBs were also included, but their 
effect was minimal. A comparison of the section moment capacities obtained in the 
FEA and experiments and calculated using the AISI design rules is presented in Table 
6.  
As can be seen in Table 6, the failure moments of most of the test specimens were 
close to or exceeded the moment capacities predicted by the effective width-based 
AISI rules. All of the capacities obtained in FEA exceeded those predicted by the 
AISI rules. The effective width-based AISI design method underestimates the 
ultimate moment capacities by 3.4% with a COV of 0.099 and by 4.7% with a COV 
of 0.0254 relative to the experimental and FEA results, respectively. However, when 
the full width of the web elements is used, the AISI design method overestimates 
these capacities by 2.0% with a COV of 0.095 and by 1.6% with a COV of 0.026 
relative to experimental and FEA results, respectively. Considering the small degree 
of difference between the three sets of results and the complexity of the effective 
width-based AISI design method, it is recommended that the section moment capacity 
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of LSB sections with web holes be predicted without allowing for possible local 
buckling at the web holes. 
 
Table 6 Comparison of section moment capacities of LSB flexural members with web 
holes 
 
LSB 
Section
s 
D 
(mm) 
S 
(mm) 
uM (kNm) 
AISI sM  
(kNm) AISIs
FEAu
M
M
_
_
 AISIs
EXPu
M
M
_
_
 
Exp. FEA eff. width 
full 
width 
eff. 
width 
full 
width 
eff. 
width 
full 
width 
200x45
x1.6 
60 
361.11 20.49 23.60 22.15 23.25 1.065 1.015  0.925  0.881 
541.67 22.39 23.65 22.15 23.25 1.068 1.017  1.011  0.963 
127 
361.11 20.68 22.42 22.18 21.61 1.011 1.037  0.932  0.957 
541.67 20.98 22.96 22.18 21.61 1.035 1.062  0.946  0.971 
250x60
x2.0 
60 
361.11 46.03 43.82 39.13 42.71 1.120 1.026  1.176  1.078 
541.67 48.88 43.82 39.13 42.71 1.120 1.026  1.249  1.144 
127 
361.11 43.76 42.62 39.24 40.95 1.086 1.041  1.115  1.069 
541.67 44.98 42.70 39.24 40.95 1.088 1.043  1.146  1.098 
300x60
x2.0 
127 
361.11 48.71 51.86 48.57 53.31 1.068 0.973  1.003  0.914 
541.67 50.38 51.86 48.57 53.31 1.068 0.973  1.037  0.945 
170 
361.11 35.79 50.52 48.71 51.35 1.037 0.984  - - 
541.67 41.89 50.21 48.71 51.35 1.031 0.978  - - 
      Mean 1.066 1.014 1.054 1.002 
      COV 0.032 0.031 0.106 0.088 
 
 
3.3 Calculation of Section Moment Capacity of LSBs with Holes using Simplified FE 
Model 
Although there are 13 different LSB sections available, as shown in Table 1, only five 
were selected for the parametric study. Three of them are the sections most likely to 
be used in floor joist systems, i.e., the 200 x 45 x 1.6, 250 x 60 x 2.0 and 300 x 60 x 
2.0 LSBs. As these three LSB sections are slender, a compact (250 x 75 x 3.0 LSB) 
and non-compact section (300 x 75 x 3.0 LSB) were also selected. Four circular web 
hole sizes were considered: diameters of 60, 90, 120 and 180 mm, with spacing of 250 
and 500 mm. Table 7 presents details of the web hole diameters and spacing chosen 
for each LSB section. It can be seen that there were four web hole configurations for 
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the 300 x 60 x 2.0 LSB section, three for the 250 x 60 x 2.0 section, three for the 200 
x 45 x 1.6 section, four for the 300 x 75 x 3.0 section and three for the 250 x 74 x 3.0 
section, for a total of 17 different models for one span and 34 for the two spans tested.  
In the design tables produced by OATM, two different yield stresses are used for the 
flanges and web, and hence the steel is classified as dual-grade. The nominal yield 
stresses (fy) of the flanges and web of LSB sections produced from this grade of steel 
are taken to be 450 MPa and 380 MPa, respectively.  
 
Table 7 Comparison of section moment capacities of LSB flexural members with web 
holes 
 
LSBs D (mm) 
S 
(mm) 
Span 
(mm) 
FEA AISI sM  (kNm) 
AISIs
FEAu
M
M
_
_
 
uM  
(kNm) 
eff. 
width 
full 
width 
eff. 
width 
full 
width 
300x60x
2.0 
60 
250 500 45.87 39.48 44.91 1.162  1.021 
500 1000 45.97 39.48 44.91 1.164  1.024 
90 
250 500 45.56 39.48 44.31 1.154  1.028 
500 1000 45.87 39.48 44.31 1.162  1.035 
120 
250 500 45.35 39.51 43.59 1.148  1.040 
500 1000 45.56 39.51 43.59 1.153  1.045 
180 
250 500 43.70 39.63 41.35 1.103  1.057 
500 1000 44.22 39.63 41.35 1.116  1.069 
250x60x
2.0 
60 
250 500 35.84 31.79 34.54 1.127  1.038 
500 1000 36.08 31.79 34.54 1.135  1.045 
90 
250 500 35.76 31.80 34.02 1.125  1.051 
500 1000 36.15 31.80 34.02 1.137  1.063 
120 
250 500 35.21 31.85 33.32 1.105  1.057 
500 1000 35.53 31.85 33.32 1.116  1.066 
200x45x
1.6 
60 
250 500 17.93 15.39 16.68 1.165  1.075 
500 1000 18.13 15.39 16.68 1.178  1.087 
90 
250 500 17.74 15.44 16.32 1.149  1.087 
500 1000 17.79 15.44 16.32 1.152  1.090 
120 
250 500 17.15 15.43 15.70 1.111  1.092 
500 1000 17.34 15.43 15.70 1.124  1.104 
300x75x
3.0 
60 
250 500 81.72 70.24 75.80 1.163  1.078 
500 1000 82.67 70.24 75.80 1.177  1.091 
90 
250 500 82.20 69.93 74.47 1.175  1.104 
500 1000 82.55 69.93 74.47 1.180  1.109 
120 
250 500 81.48 69.79 73.11 1.168  1.114  
500 1000 82.31 69.79 73.11 1.179  1.126 
180 
250 500 78.38 69.26 69.54 1.132  1.127 
500 1000 78.50 69.26 69.54 1.133  1.129 
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250x75x
3.0 
60 
250 500 64.88 55.66 57.94 1.166  1.120 
500 1000 64.69 55.66 57.94 1.162  1.116  
90 
250 500 64.60 55.48 56.94 1.164  1.135 
500 1000 64.97 55.48 56.94 1.171  1.141 
120 
250 500 63.76 55.29 55.77 1.153  1.143 
500 1000 64.60 55.29 55.77 1.168  1.158 
      Mean 1.149 1.084 
      COV 0.020 0.035 
 
 
3.4 FEA Results and Discussion  
The simplified FE model developed in this study has been found capable of accurately 
representing a simply supported LSB section with web holes subject to a uniform 
bending moment. The initial geometric imperfections, local buckling deformations, 
material characteristics and spread of the plasticity effects were all explicitly 
modelled in this simplified model.  
The FEA results were combined and plotted to produce section capacity curves for the 
design of LSB sections subject to uniform bending. Table 7 presents the section 
moment capacities obtained from FEA of all of the LSB sections and spans 
considered in the parametric study with different circular web hole combinations. For 
the 300 x 60 x 2.0 and 300 x 75 x 3.0 LSB sections, web hole diameters of 180, 120, 
90 and 60 mm and hole spacing of 250 mm and 500 mm were considered. The other 
three sections were not analysed using 180-mm-diameter holes, as it would have been 
inappropriate. 
As can be seen from Table 7, in most cases, the FEA failure moments were close to or 
exceeded the moment capacities predicted by the effective width-based AISI design 
rules. All of the FEA ultimate moment capacities exceeded those predicted by these 
rules. Relative to the FEA results, the AISI design method based on the effective 
widths of web elements underestimated the ultimate moment capacities by 10.9%, 
with a COV of 0.0146. When the full width of the web elements was used, however, 
the relative underestimation fell to 5.5%, with a COV of 0.023. The AISI design 
method was found to underestimate these capacities in both cases, as the parametric 
study included two compact LSB sections that may have had some degree of inelastic 
reserve capacity. The section moment capacities of the compact (250 x 75 x 3.0 LSB), 
non-compact (300 x 75 x 3.0 LSB) and slender sections (300 x 60 x 2.0 LSB, 250 x 
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60 x 2.0 LSB and 200 x 45 x 1.6 LSB) are about 1.1, 1.09 and 1.05 times their 
respective first-yield moment capacities with web holes. 
 
5. Conclusion 
This paper presents details of a simplified FE model that was employed to investigate 
the plastic bending behaviour and section moment capacity of LSB sections with 
circular web holes. The results obtained using this model agree reasonably well with 
results obtained in experiments. Both the experimental and FE analyses showed web 
hole size and spacing to have an influence on the section moment capacity of LSB 
sections with web holes. The paper also presents details of a parametric study 
conducted using the validated simplified FE model to investigate five LSB sections 
with web holes (three slender, one compact and one non-compact). The model was 
found not to suffer from the limitations observed in the experiments, and it is thus 
concluded that it can be used to predict the section moment capacities of LSB flexural 
members with web holes.  
The section moment capacities obtained in the experimental and FE analyses were 
also compared with the predictions of the AISI design method. This method, which 
allows for the possibility of local web buckling above the web hole, was found to 
produce conservative predictions in general. Considering the small degree of 
difference amongst the three sets of results and the complexity of the effective width-
based AISI design method, it is recommended that the section moment capacity of 
LSB sections with web holes be predicted with no allowance made for possible local 
buckling at the web holes. The results of this study also suggest that any circular web 
hole sizes and degree of spacing that are sufficient to provide access for inspection 
and other services can be used in LSB floor joist systems with no significant loss in 
section moment capacity. A conservative design method based on the use of the 
section properties of LSB sections with continuous web holes is recommended for 
calculating this capacity. 
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